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Abstract: With the debates on climate change and sustainability, a reduction of the share of cars in the modal split has
become increasingly prevalent in both public and academic discourse. Besides some motivational approaches,
there is a lack of ICT artifacts that successfully raise the ability of consumers to adopt sustainable mobility
patterns. To further understand the requirements and the design of these artifacts within everyday mobility
adopted a practice-lens. This lens is helpful to get a broader perspective on the use of ICT artifacts along con-
sumers’ transformational journey towards sustainable mobility practices. Based on 12 retrospective interviews
with car-free mobility consumers, we argue that artifacts should not be viewed as ’magic-bullet’ solutions but
should accompany the complex transformation of practices in multifaceted ways. Moreover, we highlight in
particular the diffculties of appropriating shared infrastructures and aligning own practices with them. This
opens up a design space to provide more support for these kinds of material-interactions, to provide access
to consumption infrastructures and make them usable, rather than leaving consumers alone with increased
motivation.
1 INTRODUCTION
Against the background of climate change and com-
mon transport-related problems such as noise, con-
gestion, and air pollution, a change in the nature
and extent of car use is necessary (Hasselqvist et al.,
2016). Although the private car offers high fexibility
and comfort (Şimşekoğlu et al., 2015), it is rather un-
sustainable compared to public transport alternatives
(Wright and Fulton, 2005; Girod et al., 2013).
However, according to Kemp and van Lente
(2011) changing consumption patterns towards such
sustainable modes ”include[s] two challenges: on the
one hand a long-term change to various technologies
and infrastructures, while on the other hand ensur-
ing that consumer criteria change in the same move”.
The development of new infrastructures and technolo-
gies related to low-emission vehicles and sustainable
modes of transport is an ongoing challenge addressed




change their consumption practices is an often over-
looked challenge (Kemp and van Lente, 2011).
Research already explored such transformations
of consumption practices for other domains (Twine,
2018) and highlighted the opportunities of ICT to sup-
port consumers (Lawo et al., 2020). For mobility,
such a practice-based HCI focus is missing. Here,
”research on mobility and transport has been dom-
inated by a focus on the automobile” (Glöss et al.,
2020) or the use of a motivational lens (Anagnos-
topoulou et al., 2018). For public transport, there is
very little ethnographic research on ICT use in HCI,
according to Wulf et al. (2019). Therefore, there is a
lack of an understanding of how ICT artifacts can fa-
cilitate and simplify more sustainable mobility prac-
tices beyond motivational aspects only.
Research Gap: Designing artifacts to support the
transformation of consumers’ practices and the adop-
tion of new modes of transport, requires a more nu-
anced understanding of consumer trajectories. There-
fore, we address the research question of ”How
consumers appropriate car-free multimodal mobility
practices and which role ICT artifacts play?”.
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To answer this research question, we conducted
a qualitative study with 12 participants using semi-
structured interviews. The focus was on consumers’
narratives about their car-free practice transforma-
tion journey and the associated ICT use. Similar to
other other research on sustainable practices, we in-
terviewed consumers who had already changed their
habits as a source of knowledge about the diffcul-
ties and how they have addressed them (Lawo et al.,
2020). We used as a practice-theoretical lens (En-
twistle et al., 2015) to understand the role of ICTs and
their relationships with infrastructures and practices.
From this retrospective perspective, our fndings
show how the appropriation of sustainable mobil-
ity practices comes with a tinkering into new prac-
tices rather than a motivational process only. Partici-
pants use ICT artifacts that mediate between their own
practices and the inherit schedule of the infrastruc-
tures they use. This perspective on sustainable prac-
tices contributes to the design of ICT artifacts, by, on
the one hand, presenting the dynamic needs of con-
sumers for infrastructure-related practices that can be
addressed by designers, but, on the other hand, also by
critically refecting on the role of ICT and the bound-
aries of design solutions.
2 RELATED WORK
2.1 From Car Dependency to
Multimodal Mobility
One of the main drivers of consumption related car-
bon emissions is transport. It is responsible for about
one third of the energy consumption in western soci-
eties (Gabrielli et al., 2014). Especially private mo-
torized transport plays a particularly problematic role
(Miehe et al., 2016). In contrast to public transport
and shared mobility, the private car is less environ-
mentally friendly and less resource-effcient (Girod
et al., 2013). Nonetheless, the car is still the num-
ber one mode of transport and it is even considered to
be growing in ownership (Wright and Fulton, 2005).
The car plays an important role in the modal split
of many people because it offers a certain freedom.
Urry (2004) stated that a large part of social life would
even not be possible without the fexibility of the
car and its 24-hour availability. The modal split de-
scribes the extent to which certain modes of trans-
port are used. In the context of personal mobility, it
can be considered equivalent to the individual choice
of transport mode. It therefore provides information
about consumers’ mobility behavior from an abstract
perspective on their daily mobility patterns (Qu et al.,
2015).
To be able to address traffc-related problems, the
share of motorized individual transport in the modal
split must be reduced (Girod et al., 2013). In this con-
text, multimodality means the use of several modes
of transport for daily mobility. In order to close this
gap, the integration of innovative mobility services,
such as public bicycle sharing, into traditional pub-
lic transport is an important step towards promoting
multimodal practices. After all, such practices are
only possible if appropriate alternatives to the private
car are available. Through this integration, traditional
public transport gains fexibility and attractiveness,
which are traditionally understood as motivators for
car-dependent mobility (Şimşekoğlu et al., 2015). For
sustainable mobility, it is therefore crucial to promote
walking, cycling and public transport, and to avoid or
limit motorized private transport wherever possible.
2.2 Designing ICT for Sustainable
Mobility
Over the past decade, HCI research has increasingly
focused on the provision and consumption of mo-
bility services (Loos et al., 2020). ”However, for
various reasons, research has been dominated by the
car”(Glöss et al., 2020). Although others modes have
received less attention, we fnd research on public
transport (Väänänen et al., 2016), walking (Winstan-
ley et al., 2014), cycling (Reddy et al., 2010), and
car or ride-sharing (Brewer and Kameswaran, 2019).
Nevertheless, studies on ICT and public transport are
still rare (Wulf et al., 2019).
Within this research, persuasive design to moti-
vate consumers has been one of the dominant themes.
In particular, various prototypes were used to stim-
ulate and motivate sustainable mobility with eco-
visualizations, social comparison, and emotional ap-
peals (Anagnostopoulou et al., 2018). These attempts
to promote sustainable consumption (DiSalvo et al.,
2010) primarily rely on theories of environmental
psychology (Froehlich et al., 2010), as well as gam-
ifcation and persuasiveness (Fogg, 2002). Neverthe-
less, the focus on motivation has been criticized for
having positive short-term impact on behavior change
motivation, but no long-term impact (Brynjarsdottir
et al., 2012; Dourish, 2010; Maitland et al., 2009;
Schwartz et al., 2013, 2015). Along with this critique,
research on eco-feedback concludes that it needs to be
incorporated into multimodal travel planning and that
access to and use of infrastructure is a practical diff-
culty that is not solved with higher motivation and can
even be demotivating (Cellina et al., 2019b,a; Meurer
et al., 2019; Stein et al., 2017). In short, there is a lack
of ICT artifacts that successfully support the simplic-
ity and ability to conduct new behaviors (Fogg, 2009).
To overcome this focus on rational consumers that
just need to have enough motivation and more broadly
consider ability factors (Fogg, 2009), sustainable con-
sumption studies in HCI have used a practice lens
(Meurer et al., 2019; Hasselqvist et al., 2016; Has-
selqvist and Hesselgren, 2019; Stein et al., 2017).
Still, the settings were rather limited by the provision
of electric vehicles in urban areas (Hasselqvist et al.,
2016), or the provision of a planning platform for
the specifc group of elderly consumers (Stein et al.,
2017; Meurer et al., 2014). Moreover, it lacks a mul-
timodal and public transport perspective (Wulf et al.,
2019) that develops an understanding of the role of
ICT artifacts and their design.
2.3 Theoretical Framing
To give greater attention to the ability and simplic-
ity factors that facilitate sustainable routines (Fogg,
2009), this research adopts a practice lens that ”in-
crease[s] the understanding of the complexity of what
infuences how we do things and to create support for
more sustainable practices”(Hasselqvist et al., 2016).
Practices are the ”routinized way in which bodies
are moved, objects are handled, subjects are treated,
things are described and the world is understood”
(Reckwitz, 2002). They exist in a context of materi-
als, competences, and meanings (Shove and Pantzar,
2005; Shove et al., 2012). Meanings are the ”sym-
bolic meanings, ideas and aspirations”(Shove et al.,
2012), e.g. the perception of biking as healthy
Hasselqvist et al. (2016). Competences are skills
and know-how, practical knowledge, or techniques
needed (Shove et al., 2012), e.g. knowing the city or
which train to catch Hasselqvist et al. (2016). Lastly,
materials are all ”objects, infrastructures, tools, hard-
ware and the body itself” (Shove et al., 2012), e.g.
the train, the station or the phone to buy a ticket.
In HCI, this lens has been adapted to understand
the relationship between infrastructures (shared ma-
terials) and ICT artifacts (near/owned material) (En-
twistle et al., 2015). Infrastructures can, thereby,
be seen as the ”entirety of devices, tools, technolo-
gies, standards, conventions, and protocols on which
[...] the collective rely to carry out the tasks and
achieve the goals assigned” (Pipek and Wulf, 2009).
From a consumption perspective, this entails the pro-
duction and distribution mechanisms of consumable
goods, that are shaped by shared usage but not steered
and controlled by individual consumers (Entwistle
et al., 2015). Such mechanisms entail, e.g., the public
transport-system, streets and shared vehicles.
Given the question of how mobility practices
transform to a more sustainable state, we have to
consider the dynamics of practices as well. In daily
consumption routines, the elements are stably con-
nected, creating a kind of equilibrium (Stevens and
Pipek, 2018). Still, an imbalance or ”crisis of rou-
tine” (Reckwitz, 2002) could lead to a dynamic that
comes with the appropriation of (proto-) practices and
their respective elements (Shove et al., 2012). In the
course of dynamic practices, the near materiality of
the ICT artifact is also dynamic (Bødker and Klok-
mose, 2012), e.g., the acquisition of new artifacts for
new situations or the abandonment of artifacts after
the practice has stabilized (Lawo et al., 2020). In this
sense, it begins with an unsatisfactory state, followed
by exploration and testing of new options and ideas
(excited state), and fnally a new equilibrium in a sta-
ble state (Bødker and Klokmose, 2012).
3 INTERVIEW STUDY
In line with the research question, the goal of our in-
terview study was to understand consumers’ car-free
practices and the supporting role of ICT artifacts. A
particular focus was on comparing different stages of
the transformation of mobility practices.
We, therefore, conducted and analyzed 12 (P1-12)
interviews (24 - 74 min.) with consumers. The sam-
ple was recruited using a snowball sampling approach
(Noy, 2008), starting from contacts in the authors’
extended social network. The fnal selection crite-
rion, in terms of purposive sampling (Tongco, 2007),
was the renunciation of prior car use. This approach
did not aim for a representative sample, but rather a
broad and diverse sample in terms of mobility prac-
tices, life situations, and personal experiences with
practice transformation. This diversity is refected in
the selection of participants (see Table 1). Our sam-
ple includes participants living in rural, suburban, ur-
ban, and metropolitan areas. In addition, motivations
for adopting a multimodal practice range from leav-
ing home, migrating to Germany, moving to another
city, and environmental reasons.
The semi-structured interviews (Ayres, 2008) fol-
lowed an interview guideline that covered (1) the
participants’ reasons for car abandonment, (2) their
current mobility practices, and (3) the transforma-
tion of their practices, and (4) the appropriation of
ICT for both current and transforming mobility prac-
tices. All interviews were transcribed and analysis
was conducted by two researchers using the induc-
tive approach of thematic analysis. As an initial tem-
Table 1: Participants.
# Age Gender Education Residence Time Car-Free Modes
P1 25 f University Degree Urban 6 years bike; train
P2 24 m University Degree Sub-Urban few months bike; bus; train
P3 24 m University Degree Urban 3 years bus; tram
P4 38 m University Degree Metropolitan 15 months bus; train; taxi
P5 23 f University Degree Urban 4 years bus; train; tram
P6 54 f Middle School Urban since 1987 bus; train
P7 25 m University Degree Sub Urban/Rural 3 years bike; bus; train
P8 28 m University Degree Metropolitan 2 years bus; train
P9 30 f University Degree Rural 8 years bus; train; taxi; ride-sharing
P10 32 f University Degree Rural 1 year bus; train
P11 24 f University Degree Urban 4 years bus; train
P12 20 f High School Urban 2 years bus; train
plate for coding (King, 2004), we used the differenti-
ation between pre-, on- and post-trip practices (Rehrl
et al., 2007; Kramers, 2014) and the simplifed action-
theoretically informed constructs of stable practices
and unstable practices (Bødker and Klokmose, 2012).
After coding, the codes were consolidated and the
themes were developed collaboratively to achieve a
mutual understanding of the material.
4 RESULTS
Our 12 participants were either car owners or had ac-
cess to a car in their family. Accordingly, it can be
said of all participants that they were socialized with
individual motorized transport practices and carried
them out for a certain phase of their lives. Thus, at
the beginning of our study, the question arose how
a change from car-oriented practices to multimodal
practices occurred.
Unlike the change of other practices (Lawo et al.,
2020), there was no careful tinkering into the new
practices. Instead, all participants faced the challenge
of adopting new practices from one day to the next
due to a change in the personal situation. Examples of
this are moving to a bicycle-friendly or a car-hostile
city (P1, P2, P9), their own car breaking down (P4,
P7), moving to another country (P8, P10) or even the
fear of driving after an accident (P6) or due to a lack
of routine (P12). In addition to these disruptive events
as a crises of their routines, there are also participants
who no longer own a car for fnancial reasons. It can
thus be stated that a change of practice is enforced by
a disruptive event, rather than infuenced by ICT.
Over the course of practice transformation, con-
sumers appropriated additional meanings. For exam-
ple, the advantages of car-free mobility, e.g. the pos-
sibility of sports and leisure activities (P1, P8, P10),
independence from one mode of transport (P1, P10),
cost and time savings (P2, P3, P5, P7, P11), environ-
mental protection (P3, P6, P7, P11), effcient use of
time (P4, P5, P9) and freedom from car-related wor-
ries (P2, P12) come to the fore. Similar meanings are
also found in research on small electric vehicle prac-
tices (Hasselqvist et al., 2016).
I think it’s really important. I mean, you
always have your phone with you or you al-
ways have a piece of technology with you to
check the best route, to check the schedule, to
check different things. –P10
While ICT does not play a role as a trigger in our
sample, the role of ICT increases with fnding one-
self in an unsatisfactory state, given by disturbed rou-
tines. Thus, participants used artifacts to re-establish
stable routines. In the following, we look at the estab-
lishment of new routines in the pre-, on- and post-trip
practices. In contrast to previous research (Stein et al.,
2017; Meurer et al., 2014; Hasselqvist et al., 2016),
the focus is on ICT artifacts (near materiality) and in-
frastructures (e.g. public transport, bicycle lanes, etc.)
in relation to the practice transformation. From an an-
alytical point of view, we further distinguish between
artifacts that are used to re-stabilize practices, e.g. at
the beginning of practice transformation, and artifacts
that well established in stable multimodal mobility
practices.
4.1 Pre-trip: From Planning Trips to
Synchronizing with Infrastructures
4.1.1 Planning the Unseen
At the beginning of the practice transformation, our
participants were confronted with a new uncertainty
caused by the lack of knowledge about alternative mo-
bility infrastructures.
While the previous use of the car was perceived
as something familiar and simple, the new uncertainty
had to be resolved by planning the trips in more detail.
”If I wanted to go somewhere, I could just
get in my car, look at the GPS and go where
I want to go. Now I have to look on the
timetable to see, ok, at what time I can go, [...]
I wanted to be there at 10, so I have to take the
train earlier. [...] what time is the last train or
what time do I have to be back so I don’t miss
the train. So I have to be really conscious with
the time.” –P10
The planning practices themselves are strongly in-
terwoven with the appropriation and use of new tech-
nologies. It is noticeable that mainly the smartphone
and partly also a computer are used for planning.
Also, Google Maps is one of the most frequently used
tools. In addition to information about the available
modes of transport, other factors are also included
into the planning process. P2, for example, also takes
the difference in altitude into account for trips for
which a bicycle would in principle be an option.
”If I’m about to do something new now,
[...] I would just look on Google Maps on my
phone, where is that, or look on my laptop,
where is the address?” –P2
Although technology provides access to multi-
modal planning and connecting of different mobility
infrastructures, participants faced the problem of not
fnding the best solution directly. This problem seems
to be caused by the technologies themselves. For ex-
ample most apps do not take into account that taking
a bike on a train ride could be faster than the subse-
quent bus. Other issues, arise from non-transparent
pricing models, which need workarounds and explo-
rative tactics to fnd the best price.
”And then I found a solution, but some-
how I also tried out different things. First I
tried [...] Bicycles that you can just rent [...]
That was better [...] But somehow still not so
optimal [...] And then I fnally found out that
you [...] can take your bike on the train for
free. [...] And that is now the perfect solution
for me to get there quickly. But it took a while
to fnd this solution.” –P1
But it is not just infrastructures and modes that
need to be explored. Especially in the early stage
of practice transformation, participants reported ex-
ploring and trying out different apps and technologies
to fnd a suitable solution that worked for them and
their information needs. Thereby, they reported that
local apps, in particular, often provide better informa-
tion, such as live transit schedules or the locations of
sharing vehicles, while other apps provide a broader
overview of cross-regional traveling.
”I also downloaded the [local mobility
app] [...], but I’ve deleted it again because I
use this [other local mobility app] and it basi-
cally has the same functions. And why should
I have two of the same apps on my phone?”
–P6
4.1.2 Daily Synchronization
However, all of this effort and exploration is not
necessary in the long-term. Once multimodal prac-
tices become more stable, e.g. routinely conducted
trips and the corresponding infrastructures are better
known, participants did not need to use the artifacts
that intensively.
However, the technological solution and the cor-
responding competencies to fnd a possible connec-
tion of modes to get from A to B, once appropriated,
remained an integral part of their mobility practices.
Although usage generally decreased, new situations,
e.g., destination not yet reached, again create some
type of instability that needs to be resolved through
these technologies and competencies.
”So if I’m looking for an unknown route
now, I still check busliniensuche.de to see if
there’s somehow a bus that goes there cheaply
and in a reasonable time.” –P11
But similar to the initial trigger of practice trans-
formation, major life changes, such as moving to a
new neighborhood or starting a new job, can cause a
new instability that requires refection and application
of well-learned patterns to re-stabilize the own mobil-
ity routines.
In addition to this repetition of learning about in-
frastructures, the issue of synchronizing one’s sched-
ule and practices with the infrastructure’s schedule
emerges in long-term pre-trip practices. Here, our
participants explained how they learned the departure
and arrival times of their most frequently used modes
and adjusted their routines to ft the schedule.
Somehow I adjust my timetable, my own
timetable to the bus timetable. And that has
affected my life, [...] it’s just not sponta-
neous.” –P8
This synchronization with the timetable goes hand
in hand with another phenomenon, the use of apps
to check whether the train or bus is on time. Most
participants reported that even though they know the
lines very well, they often check the live schedule if
they need to hurry to miss the bus, or stay inside a
little longer to not wait in the cold.
”Most of the time you don’t have to wait
that long, but I often check Quando or other
apps to see when the bus is coming and it it
leaves on time, and it happened to me so many
times that the bus has even arrived too early.”
–P3
”I usually activate this reminder function,
so that you are notifed when the train is de-
layed.” –P11
Again, our participants shared how they tried dif-
ferent solutions to have the best synchronization ex-
perience. Through trial and error, they tried differ-
ent apps to see how up-to-date the data really is and
how well the technology actually refects the infras-
tructure. Still, a compromise had to be made between
artifacts that aggregate multiple transport services but
often lack real-time information, and detailed infor-
mation provided by region-specifc artifacts.
”In city C, I used the [local mobility app],
[...] because it was somehow more accurate
than the DeutscheBahn app. So for cities it’s
maybe even better to use their own app be-
cause they can provide even better data and
not all of them have forwarded that to the DB
app.” –P7
Once matching artifacts are appropriated, they re-
main an integral part of consumers’ multimodal prac-
tices. But of course, the need for synchronization
depends strongly on the chosen modes. In a situa-
tion where they use their bicycle, which can still be
considered an individual mode of transport, there is
less need to synchronize with the infrastructure. Still,
for bicycle trips routines need to be aligned with the
weather or the amount of traffc, which requires com-
pletely different apps.
4.2 On-trip: From Continuous
Optimization to Enjoyment and
Effciency
4.2.1 Continuous Orientation and Optimization
Especially at the beginning of practice transforma-
tions, but also in uncertain new situations, our par-
ticipants show a high need for information about the
currently used mode of transport, even on-trip. When
the environment is unfamiliar or the mode of transport
seems slower than expected, participants reported us-
ing the service provider’s app to check for punctual-
ity. They also look for alternatives if they guarantee a
faster or safer arrival. This can be seen as a repeated
synchronization with the infrastructure.
”To see when the next one is leaving or
simply to have alternative routes suggested to
me, if the app then tells me that the bus is can-
celed, then the app can also tell you how you
could [...] get there after all.” –P5
Similar to daily synchronization, the use of arti-
facts is highly dependent on the chosen modes. When
biking or walking, there are obviously far fewer op-
portunities to use ICT. In this sense, technology use
for these more individual modes of transport is mostly
limited to navigation.
”I then usually go to satellite and zoom
in a bit closer and then look at some of the
surroundings and then look at anchor points
where I basically have to search for. [...] I
recently had to walk from work to another
practice and didn’t know one hundred percent
how to get through the side streets. So I used
Google Maps, for example, and then I sort of
walked according to Google Maps. I use that,
too, but otherwise I wouldn’t know what to do
to get to the [local destination] [...] Yes, well,
I also use the train app.” –P6
But again, the interaction between the technology
(near materiality) and the infrastructure is prevalent.
Our participants chose the technology that provides
the appropriate level of detail and features for navi-
gating the mode. This is particularly interesting be-
cause it is the technologies that include a wide vari-
ety of modes that lack a certain level of information
for specifc modes. For example, while Google Maps
provides a good overview of the entire route, naviga-
tion with a bicycle requires different apps that provide
more detailed bicycle maps.
”I sometimes do not use Google Maps, but
another map, MapsME it is called, because the
bike paths were still somehow better shown or
drawn.” –P1
4.2.2 Time Exploitation and Enjoyment
In the long term, uncertainty decreases as our partici-
pants reported being more aware of schedules and al-
ternatives and simply becoming more comfortable us-
ing different modes of transport. Therefore, exploita-
tion of time, effciency, and enjoyment become more
important within the ecology of artifacts used on-trip.
Nevertheless, some participants have developed a rou-
tine of checking live information at least once.
”So I defnitely look at it at least once
before I get on the train, because a lot can
change. And the station usually has the most
up-to-date information.” –P11
However, this established routine is not only used
to check the infrastructure’s schedule, but also to
reach the subsequent modes of transport. This can be
done, as the example of P10 shows, through a simple
communication via messenger or call to ensure a cer-
tain synchronicity, but also checking one’s own loca-
tion to get off at the right stop or to reach subsequent
modes in time and space.
”I would just text the person that I’m there and
where we’re going to meet. And sometimes if
you’re not sure where you are, because for me
it’s like I’m traveling there for the frst time, so
then I make sure I’m in the right city or where
I’m going, for example, I look around to see if
there’s some kind of signal. Or I even look in
Google Maps to see if I’m at the right stop.”
–P10
In addition to these routines, which are still pre-
dominantly focused on the functionality of the trans-
port infrastructure, the participants also explained
how a certain routine emerged over time and the use
of travel time came to the fore as a new space that
can be shaped. On the one hand, this shows, from a
practice-theoretical perspective, how the new modes
of transport are also gradually seen as an opportunity
for more leisure time. On the other hand, the design
of this new time is as different as the participants and
the modes they use. For example, they reported that
they use the time to rest, to consume media, but also
to study or work.
”Play games, listen to music, read. Work. I
think I forgot to mention working, because it’s
often the case that you do have something that
you can do on the laptop. It’s just not as effec-
tive as at home, i have to admit. But I used to
watch movies from time to time, but I haven’t
done that for a few years now.” –P2
This involves adapting the ecology of artifacts
to the particular mode and the established rou-
tines. Specifcally, our participants reported explor-
ing which applications can be used without an in-
ternet connection (offine mode) if their route passes
through an area with low internet coverage or only use
certain features of their applications. Participants also
reported preparing accordingly, such as downloading
content for later consumption.
”With Spotify, it’s just my previously
downloaded playlists that I listen to, in Net-
fix then also only the downloaded stuff, be-
cause for this my network fat is not enough
[...] WhatsApp just write messages, also no
video calls or so, simply because the connec-
tion would be too bad for that.” –P5
Similarly, some participants explained how they
chose to refrain from certain activities because their
chosen mode of transport does not provide the neces-
sary infrastructure in terms of WiFi or charging op-
tions. While routines and artifacts are mostly aligned
with the infrastructure in use, in some cases partici-
pants also report choosing a different mode of trans-
port and making trade-offs between how they can use
their time and how fast, comfortable, or expensive the
mode is.
”I think it’s stupid that train don’t have
WiFi, which means you can’t work there well.
[...] When I really fnd a cheaper train, that’s
mostly such train. And sometimes I decide
against it when I really want to work on some-
thing, but I’m prevented from doing because
they don’t have WiFi.” –P7
4.3 Post-trip: From Refection on
Practices to Routinized Non-usage
4.3.1 Optimizing Practices and Improving
Infrastructures
Even for post-trip practices, our participants reported
using artifacts to predominantly stabilize their prac-
tices. Optimizing the route previously taken and com-
paring the recommendation or time predictions of the
travel planning systems with the real travel time arose
as an important theme, especially in early practice
transformation.
”If you have the navigation that you want
to be guided from A to B, then you can track,
for example, how long it took me to get there
by bike. I sometimes fnd that quite interest-
ing, especially if it’s a new route, because then
I can also estimate for the future, okay I need
20 minutes to get there.” –P1
The example of P1 shows how the participants,
depending on the mode, compared the planned travel
time with the actual time. This optimization approach
for one’s own routines is explained by the fact that
one can better estimate the time needed to travel ei-
ther earlier or later. Such optimization is not limited
to bike rides or walks, but also to transfer times be-
tween bus rides, where the consumer might get an ear-
lier ride because the app underestimates the walking
speed.
In addition to optimizing their own routines, by re-
fecting on their own use of infrastructures, some par-
ticipants began to optimize the infrastructure them-
selves. This optimization is sometimes focused
towards the digital infrastructures, such as Open-
StreetMap, where they record their trips or label
roads, such that other consumers have access to better
data and route recommendations.
”I came across OpenStreetMap at that
time through my dad, because he also liked
to enter data there, so when he made bicycle
tours, where no one has entered that there is
a bike path and has taken the GPS data, [...]
which was then recorded on this map, okay
there is a bike path. I thought that was cool
because it was somehow flled in by the peo-
ple and because it also took into account all
those little paths that maybe only the people
who live in the place know.” –P1
Besides, participants tried to share their experi-
ences and optimize the physical infrastructures. For
example, they went to demonstrations for better bike
lanes after realizing that certain areas are dangerous
or do not provide good riding conditions. Other ex-
amples include writing letters of complaint about cer-
tain bus routes, their service or the schedule.
4.3.2 Routinized Non-usage
Since post-trip ICT usage itself is less prominent, it
plays a marginal role for stable practices in the long
term. Most of our participants reported that they are
just happy to have arrived at their destination with-
out uncertainty and that they already used their smart-
phone or computer a lot during the trip.
”I’m usually glad when I’ve arrived, es-
pecially after longer trips, you’re glad when
you’ve arrived and can do the other stuff.” –P2
Still, there are situations where they want or even
need to check for bonus programs or travel-related
news, such as upcoming constructions. But non-use
of artifacts remains the majority case for the post-trip
practices.
”What I might check is the rail bonus sta-
tus later to see if it’s enough for a free ride
again.” –P10
5 DISCUSSION
To answer our research question, we discuss our fnd-
ings from two perspectives. First, from a theoretical
perspective that sheds light on the appropriation of
sustainable mobility practices by consumers and the
respective role of ICT. Second, building on this un-
derstanding, we discuss design implications that put a
different focus on the design for sustainable mobility
practices.
5.1 Practice Transformation as
Mediating between Practices and
Infrastructures
At the beginning of our participants’ practice trans-
formations, a change in their personal situation or
a breakdown in their mobility infrastructure forces
them to rethink their mobility practices. For our par-
ticipants, the obvious outcome was to give up their
cars and adopt multimodal mobility practices. This
immediate change is quite similar to the Hasselqvist
et al. (2016) experiments, but consumers still gave
up motorized personal transport completely. Inter-
estingly, while in other transformations of consumer
practices (Lawo et al., 2020) media and ICT triggered
the questioning of infrastructures and practices, in
mobility it seems that — speaking with a practice-lens
in mind — transformation is triggered by a change
in the material context, e.g., moving to a new city or
abandoning the car, rather than by a change in mean-
ings.
While the motivational aspects of persuasive de-
sign (Fogg, 2002) are a major focus of HCI research
on sustainable mobility, it does only play a small role
in our sample. Of course, we cannot draw broader
conclusions about all consumers due to our sample
size, but nonetheless, motivation tends to come from
material change. Nonetheless, there seems to be an
initial meaning that changed and infuenced the de-
cision even before the material change that initiates
the moment of transformation. This meaning is, for
example, the high price of a car or the infexibility
in fnding a parking space. In addition, this mean-
ing changes and stabilizes as the transformation pro-
gresses towards other perspectives, e.g. the environ-
mental beneft. Here, despite the observed non-use of
motivational design, this branch of ICT could play its
role in practice transformation, e.g., preparing con-
sumers for a transformation decision when the mate-
rial context provides an opportunity. Moreover, to sta-
bilize practices and support sustainable practice trans-
formation, persuasive features could provide informa-
tion to develop new positive meanings.
Given the material-focused initiation of practice
transformation, the simplifcation of the interplay
of technologies and infrastructures was much more
prevalent in our sample. This, as our results show, is
not just a matter of planning the routes to take, but an
ongoing synchronization of practices and infrastruc-
tures. While planning has already been observed by
Hasselqvist et al. (2016); Stein et al. (2017), our re-
search emphasizes that multimodal practices require
not just planning but also information about the inter-
connectivity of modes, their schedules, and real-time
information. This need for information exists not only
before the trip, but also on-trip, e.g. when changing
the mode. Given this perspective, a main lever to fa-
cilitate multimodal mobility is ICT, which supports
consumers in connecting to, appropriating and using
the infrastructure, in short, getting familiar with the
new material that suddenly became part of mobility
practices without adapting the other elements, neither
skills, nor meanings, nor other materials.
This observed role of ICT use is not just an in-
termaterial relationship between ICT and infrastruc-
tures, but is highly related to the acquisition of knowl-
edge about infrastructures. This knowledge acquisi-
tion is refected in the decreasing need for planning,
but constant synchronization to deal with everyday
problems before and during the trip. Moreover, ICT
is even used for learning about the infrastructure in
the post-trip phase, e.g., refecting on the duration of
different mode combinations. But the appropriation
of the various ICT solutions is also accompanied by
learning about their use, the data they provide, and
tinkering with a useful ecology of artifacts that fts
the ecology of the multimodal infrastructures. In this
sense, access to infrastructures proved to be the more
relevant issue, as current ICT designs hardly support
consumers in accessing infrastructures, but in contrast
make it more diffcult for them, as mobility modes are
interconnected while ICT remains isolated.
Lastly, ICT plays an important role in the use of
additional travel time. Although this role seems quite
trivial at frst, it should not be underestimated when
designing ICT. Behind this are the different needs of
consumers and their desire for effcient use of time
and space when traveling (Stevens et al., 2019). Fur-
thermore, the ability to use time in the intended way
even shapes meanings toward sustainable mobility, as
a way to travel and have an enjoyable and/or eff-
ciently used time.
5.2 Implications for Design
Refecting on our research, we will discuss the de-
sign implications for supporting multimodal practice
transformation using ICT from different perspectives
in light of our empirical fndings.
5.2.1 Motivation beyond Instability
Given the initiation of a practice change motivated
by a changing material context, it appears that cur-
rent persuasive design approaches, that strongly fo-
cus on motivational aspects, are either not prevalent
in the actual app offering or simply play a marginal
role for mobility consumption. Nevertheless, in our
view, there is room for such motivational approaches.
While they may not be well suited to address initial
instability in practices, motivational artifacts could
prepare consumers for infrastructural and material
changes when they are in their work routines, so
that the decision in these cases is in favor of alter-
native modes. In addition, (eco-)feedback technolo-
gies could help shape meanings even after consumers
have started their multimodal journey, i.e., the design
could help them see how long it actually takes them
to travel a distance, how much workout or time in the
fresh air they spend, how much money they saved,
or even how much extra work they were able to do.
As our results show, these meanings form slowly with
stabilizing routines, but given the sample, we still do
not know how many consumers reverse their change
for lack of positive meanings toward their new situ-
ation. Moreover, motivational approaches could en-
courage the sharing of data and the active participa-
tion in shaping the sustainable infrastructure, as seen
in 4.3.1.
5.2.2 Facilitating Multimodal Infrastructure
Access
Although one can identify sweet spots for the use
of motivational artifacts, the main issue is access to
and connected use of infrastructures. Current designs
force consumers to plan their trips by combining dif-
ferent apps, measuring their walking/biking times be-
tween different steps of their trip, and summarizing
to fnd a suitable multimodal trip on their own. In
this context, it is particularly important to ensure a
region-specifc adaption of ICT to be able to support
mobility practices in line with local conditions. Local
information and integration of all mobility services in
the region can provide a platform. This integration
should also include new shared mobility services that
can complement existing services to solve problems
such as the last mile or switching between modes.
Here, consumer-centric design approaches could fa-
cilitate infrastructure appropriation by supporting trip
planning in a personalized way. Personalization here
refers to one’s own capabilities, tickets, and needs for
time use. Helpful information could be, e.g., network
coverage along the route, the availability of WiFi in a
train, or seat occupancy.
5.2.3 Pro-active Infrastructure Synchronization
In addition to planning, synchronization the own
practices and their schedules with the infrastructure
turned out to be an issue, even for long-term rou-
tine multimodal mobility users. To the best of our
knowledge, this synchronization has not been the fo-
cus of design approaches to support multimodal mo-
bility users. Even in the wild, we observe that it is
the consumers who actively check the status of the
infrastructure pre-, on- and even post-trip. Here, a
more proactive design approach could support con-
sumers to travel more comfortably and waste less time
waiting for public transport or get information about
weather conditions for the whole trip. It is especially
important to not only provide the real-time informa-
tion pro-actively, but to assist in fnding alternative
routes that consider the proprieties of the consumer’s
practices.
5.2.4 Data Sharing beyond Regional and Modal
Borders
While infrastructure access requires smart design
concepts from a consumer-centric perspective, the
backend of such technologies must enable data shar-
ing and processing across regional or modal mobil-
ity service boundaries. Currently, different mobility
providers are rather reluctant to share their data. As a
result, consumers need different apps for different in-
formation, ranging from real-time information about
bus delays to comprehensive information about how
their bus connects with the train in the next city. The
situation is even more complex when it comes to in-
tegrating novel mobility services from the shared mo-
bility context into practices. Accordingly, ICT should
rely on shared data to support better planning and
access to infrastructure so that searching for and se-
lecting the right information is not a burden on con-
sumers. Moreover, such data sharing could facilitate
planning by providers themselves to offer better and
more coordinated services to their customers.
5.3 Critical Refection on the Scope of
ICT
In addition to the implications presented for the de-
sign of ICT to support the appropriation of multi-
modal mobility practices and the corresponding in-
frastructures, we want to use the space to refect on the
scope of ICT itself. Sustainable ICT design has been
criticized for conforming to the neoliberal agenda that
places the burden of transforming society toward sus-
tainability on consumers (Dourish, 2010). However,
it must be admitted that the presented roles of ICT and
the corresponding implications are mostly focused on
consumers and thus create expectations for their be-
havior and practices. On the one hand, such an ap-
proach is necessary given the urgent need to rapidly
reduce our environmental impact. On the other hand,
at least the providers of mobility services would also
need to change some of their practices, such as shar-
ing data, providing real-time information, facilitat-
ing bicycle trips to catch a train, or providing more
consumer-oriented services. Nonetheless, we want to
emphasize that consumers and providers are not the
only actors in this process and that ICT is not a ’magic
bullet’. As our results show, ICT can facilitate mul-
timodal mobility, but providers still need to optimize
and expand their offerings, and likewise policymak-
ers need to support such forms of mobility (Meurer
et al., 2019). Local authorities could address this on a
higher level, since they do not primarily pursue their
own economic interests but instead seek to improve
mobility as a whole. Public digital mobility infras-
tructure could promote the emergence of both novel
mobility services and new types of providers, also in
suburban and less densely populated areas.
Still more and better information and increased
connectivity with infrastructures, could facilitate con-
sumers’ political participation and allow them to prac-
tice some power over policymakers and providers
(Meurer et al., 2019).
6 CONCLUSION
In this paper, we presented an interview study with 12
car-free mobility consumers who changed their mo-
bility consumption practices. By analyzing the data
from a practice-theoretical lens, we show how ICT
mediates and simplifes the interaction between prac-
tices and infrastructures. This is defned by different
modes of planning, synchronization, and optimization
of use, and even optimization of the infrastructures
themselves. Based on these results, we contribute to
HCI research by discussing a nuanced understanding
about the transformation of mobility practices and the
role of ICT artifacts in particular for the use of shared
infrastructures (Entwistle et al., 2015), which is cur-
rently lacking (Wulf et al., 2019) but important to bet-
ter support sustainable practices rather than leaving
consumers alone after having increasing their motiva-
tion (Lawo et al., 2020; Hasselqvist et al., 2016).
Still, our research is limited by the sample selec-
tion for two reasons. First, our sample is rather young,
although it refects the trend of young adults abandon-
ing their cars. This raises the need for broader gener-
alization with other age groups, as they might have
different ICT preferences and usage patterns. And
second, by interviewing ”survivors” of practice trans-
formation, we can only suggest that ICT plays an im-
portant role in individual journeys based on consistent
reports, but cannot show that its absence makes a dif-
ference. Future research should, therefore, focus on
a broader sample as well as the (non-)appropriation
of ICT and its infuence on the practice transforma-
tion. Moreover, our research only emphasizes future
design, but does not provide and evaluate any instance
of a solution yet. Therefore, in future research we
need to focus on prototyping the consumer-facing ar-
tifact as well as the backend that enables collaboration
and organization of mobility providers.
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Mapping the landscape of sustainable hci. In Proceed-
ings of the SIGCHI conference on human factors in
computing systems, pages 1975–1984.
Dourish, P. (2010). Hci and environmental sustainability:
the politics of design and the design of politics. In
Proceedings of the 8th ACM conference on designing
interactive systems, pages 1–10.
Entwistle, J. M., Rasmussen, M. K., Verdezoto, N., Brewer,
R. S., and Andersen, M. S. (2015). Beyond the indi-
vidual: The contextual wheel of practice as a research
framework for sustainable hci. In Proceedings of the
33rd Annual ACM Conference on Human Factors in
Computing Systems, pages 1125–1134.
Fogg, B. J. (2002). Persuasive technology: using computers
to change what we think and do. Ubiquity, 2002(De-
cember):2.
Fogg, B. J. (2009). A behavior model for persuasive design.
In Proceedings of the 4th international Conference on
Persuasive Technology, pages 1–7.
Froehlich, J., Findlater, L., and Landay, J. (2010). The de-
sign of eco-feedback technology. In Proceedings of
the SIGCHI conference on human factors in comput-
ing systems, pages 1999–2008.
Gabrielli, S., Forbes, P., Jylhä, A., Wells, S., Sirén, M.,
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